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論 文 内 容 要 旨          
  A quadrillion of microbial cells consisting of 1000 different species (human gut microbiota) reside human gut and exert a 
wide variety of physiological functions in human health—assisting digestions and furnishing host with nutrients (such as 
vitamins), protecting human intestinal epithelial cells and supporting their functions, controlling human immune systems, and 
so on—to maintain homeostasis of human physiology. The human gut microbiota can be altered by life habits, diets, and 
disease states. An imbalance or maladaptation of gut microbiota, which is referred to as dysbiosis, may also result in a variety 
of disease states in human. For example, gut microbiota of patients of inflammatory bowel diseases and obesity are of 
dysbiosis state.  
Chronic consumption of excess ethanol potentially induces liver cirrhosis and cancers (upper aerodigestive tract, the liver, 
the colorectum, and female breasts). After oral intake, ethanol mainly undergoes oxidative metabolism by alcohol 
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) in the liver. In these pathways, ethanol (EtOH) is oxidized to 
acetaldehyde (AcH) by the action of the isozyme 1B of ADH, and AcH is subsequently oxidized to produce acetic acid by the 
action of the isozyme 2 of ALDH. Among these metabolites, AcH is mutagenic with a minimum mutagenic concentration of 
50 µM and, in 1985, International Agency of Research on Cancer (IARC), World Health Organization, concluded that there is 
sufficient evidence for the carcinogenicity of AcH in experimental animals. Moreover, in 2010, IARC further concluded that 
AcH associated with the consumption of alcoholic beverages is carcinogenic to humans (Group 1). Therefore, AcH has been 
considered to be one of the potential risk factors for ethanol-related colorectal cancers (ECRC). Previous epidemiological 
studies show that colorectal cancer risks do not clearly correlate with the human ADH/ADLH genotypes, leading to the 
proposal that human gut microbes might produce high levels of AcH in the colon and rectum after drinking, which serves as a 
risk factor of ECRC. However, it remains to be clarified which intestinal bacteria is most important in the AcH production in 
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the colon and rectum and what is the effects of chronic consumption of excess ethanol on the human gut microbiota structures. 
Habitual drinking potentially alters human gut microbiota structures to produce dysbiosis, which could be related to increased 
risk factor of ECRC. Thus, in this thesis, microbial ecophysiological studies have been carried out to analyze the effects of 
chronic consumption of excess ethanol on human gut microbiota in order to clarify the role, if any, of gut microbiota in the 
pathogenesis of ECRC. 
The alcoholic patients have habits of excess drinking for a long time, and epidemiological studies show the incidence of 
the adenoma and invasive cancer in the colon and rectum are more than ten times higher than that of non-alcoholic men. Gut 
microbiome of habitual drinkers might be affected by the long-term exposure to EtOH, hence it could be considered that they 
serve as suitable target for elucidation of the relationship between ECRC and gut microbiota structure. To find major bacteria 
that potentially accumulate AcH in human gut, I isolated more than 500 bacterial strains from the feces of Japanese alcoholic 
men and extensively examined their ability to accumulate AcH in vitro. As a result, I identified bacterial strains that serve as 
potential AcH accumulators (PAAs) in human large intestine. These PAAs mainly belonged to the genera Collinsella, 
Ruminococcus, Prevotella, and Coriobacterium, which are referred here the genera with high PAAs abundance (GHPA). AcH 
has been assumed to be a potential risk factor of ECRC, and PAAs, which are considered to be “risk microbes”, were indeed 
found in the large intestine of the alcoholics. However, I also found that the feces of alcoholics did not essentially accumulate 
AcH, unlike the feces of non-alcoholics. In addition, the average fecal AcH level of alcoholics was lower than that of 
non-alcoholics. It is generally accepted that the inner part of the feces and the intestinal tract are strictly anaerobic while the 
vicinity of the mucosa is microaerobic. In vitro microbial assays showed that AcH production by the PAAs cells were enhanced 
by oxidative stress (i.e., exposure of PAA cells to 2 mM H2O2). These results indicated that gut microbial AcH metabolism 
potentially varies with the sites where PAAs are localized in the large intestine (e.g., intestinal luminal or mucosal vicinity).  
To clarify why the feces of alcoholics did not accumulate AcH, I compared the gut microbiota structures of non-alcoholics 
and alcoholics by meta-16S ribosomal DNA amplicon analysis. I found that abundance ratio of Bacteroides and Eubacterium 
decreased significantly while Streptococcus and other minor species (Enterobacteriaceae) increased in alcoholic feces. The 
fecal microbiota structures of alcoholics were different from those of inflammatory bowel diseases (IBD) patients, which 
generally show decreased abundance of Firmicutes and increased abundance of Proteobacteria. Total abundance of the GHPA 
(Ruminococcus, Collinsella, Coriobacterium, and Prevotella) was found to be significantly lower in feces of alcoholics than in 
those of non-alcoholics, and this observation consistently accounted for the fact that the ability of feces of alcoholics to 
accumulate AcH was lower that that of non-alcoholics. UniFrac analysis of microbiota structures of feces of alcoholics and 
non-alcoholics revealed that gut microbial structures of these two groups were different from each other, with feces of 
alcoholics showing higher β-diversity. Each of these groups showed diversified microbiota structures, suggesting that some 
factors other than alcoholism might also affect their gut microbial structures. Therefore, I further carried out hierarchical 
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clustering analyses of microbiota structures to find any correlation between gut microbial structures and background factors. As 
a result, I found that the gut microbial structures of all subjects could be classified based on drinking and smoking habits. It was 
found that, in the feces of non-smoking habitual drinkers, Bifidobacterium was decreased significantly. In the feces of subjects 
with both drinking and smoking habits, it was found that Bacteroides, Ruminococcus and Eubacterium were decreased and 
Streptococcus was increased; this dysbiosis state was not observed upon habitual smoking or habitual drinking alone, 
suggesting that synergistic effects of the habitual drinking and smoking on microbiota structures. It would be worth noting that 
the decreased intestinal microbes upon habitual drinking and habitual smoking are strict anaerobes. It is generally accepted that 
drinking and smoking cause accumulation of reactive oxygen species in human body. These results suggested that habitual 
drinking alone and combined habitual drinking and smoking should result in diminution of relative abundance of obligate 
anaerobes in large intestine by oxidative stress to the gut microbes. I suggest that the oxidative stress that is conferred upon 
drinking and smoking to the gut microbes plays a key role in establishing dysbiosis with lower abundance of strict anaerobes, 
which might potentially lead to ECRC.  
Clustering analyses showed that Bifidobacterium was specifically decreased in the feces of habitual drinkers. 
Bifidobacterium is known to be a major beneficial bacterium in human large intestine and play important roles in maintaining 
human homeostasis. On the basis of the results obtained above, it was speculated that metabolism of Bifidobacterium such as 
AcH accumulation might be changed by the oxidative stress as was observed with PAAs. Thus, I isolated Bifidobacterium 
strains from the feces of alcoholics and examined their response to oxidative stress in terms of accumulation of AcH and short 
chain fatty acids (SCFAs; e.g., acetate and lactate). It was observed that the ability of these bifidobacterial isolates to 
accumulate SCFAs was diminished and AcH accumulation was enhanced via exposure of the cells with 2 mM hydrogen 
peroxide used as the oxidative stress, wherein the expression levels of pta and pfl genes, which are genes related to acetyl-CoA 
metabolism in the hetero-lactic acid fermentation, were increased significantly. Exposure of EtOH to these bifidobacterial cells 
did not impact on the metabolism and gene expressions of these isolates. It was suggested that the important factor that impact 
on Bifidobacterium in habitual drinking is not EtOH but the oxidative stress. Moreover, the oxidative stress decreased 
accumulation of colorectal protecting substrate such as SCFAs of Bifidobacterium, there is a possibility of leading to ECRC. 
There has been no evidence that gut microbiota undergoes the oxidative stress due to habitual drinking. Therefore, I then 
have initiated my analysis to pursue evidence that habitual drinking confers the oxidative stress to the gut microbiota by 
analyzing the changes in expression levels of bacterial oxidative stress-responsive genes. To this end, I used mouse models, 
where three groups of mice were subjected to chronic administration of different dosages of ethanol (0%, 1.5% and 5% ethanol 
wt/body wt per day). Ten weeks after the ethanol administration, liver and colorectal damages were observed with these two 
ethanol-administrated groups. The diminution of the levels of Foxp3 and the oxidative damages on the tissue were observed in 
the rectal of these ethanol-administrated mice. Decrease of Foxp3 suggested the decrease of the Treg cell, implying that the 
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inflammation is caused by the excess immune responses due to the decreased level of Treg. It was known that the expression of 
Foxp3 is regulated epigenetically by butyrate. The amounts of the butyrate in the mouse feces were not significantly changed 
when compared between the control and ethanol-administrated groups. Among SCFAs analyzed, acetate was found most 
abundant in the feces, and the amounts of acetate in the feces of the ethanol-administrated groups were highest at week 2 of 
ethanol administration. Meta-16S ribosomal DNA amplicon analysis of the feces showed that Firmicutes and Deferribacters 
were decreased and Bacteroides and Proteobacteria were increased in the feces of the ethanol-administrated groups. This 
alteration of microbiota structures was reminiscent of those associated with IBDs rather than those with alcoholism. The 
amounts of SCFAs and the gut microbial structures at the 5th week of ethanol administration showed no significant difference 
from those of the control group. Detailed relationship between the gut microbial structure and the amount of the SCFAs in the 
feces remains to be clarified, but these results suggest that habitual drinking should have impact on the microbiota structures 
and microbial metabolism in the gut and the microbiota structures observed with the ethanol-administrated mice might 
represent an on-going process leading to those of alcoholics.  
Bifidobacterium occurred with a low abundance in the mice feces, this hampered accurate detection of expression of 
oxidative stress-responsive genes by real-time PCR. In the mouse gut microbiota, Lactobacillus represented one of the major 
genera. Previous studies of our laboratory showed that genes of acetyl-CoA-related metabolism of hetero-fermentative 
Lactobacillus were also responsive to an oxidative stress, like the Bifidobacterium case. Therefore, I performed the gene 
expression analysis for pta of Lactobacillus murinus, which was a major species in the mouse gut microbiota, to examine 
whether habitual drinking led to oxidative stress to the gut microbiota. It was found that expression levels of the pta were 
enhanced an average of 1.75-fold (max. 3.6-fold) in the feces of the ethanol-administrated mice. However, this enhancement 
was not very large when compared with that expected from in vitro experiments using bacterial isolates. This might be in pat 
due to the fact that the oxidative stress conditions could be different between gut luminal and the vicinity of the mucosa, and 
bacterial physiology in these locus would be separately assessed in future studies.  
In conclusion, the results obtained in this thesis provided important information for insights into the effect of chronic 
ethanol consumption on gut microbiota structures, AcH- and SCFA-related metabolism of important gut bacteria such as 
Bifidobacterium and Lactobacillus, and the role(s) of gut microbiota in the pathogenesis of ECRC.  
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